Introduction
Hepatocellular carcinoma (HCC) is one of the most prevalent malignancies worldwide. Recent studies show that the incidence and mortality rates of HCC are increasing (Jemal et al., 2010) . Most patients with HCC are diagnosed at advanced stages of disease, where curative treatments, such as hepatic resection, liver transplantation and percutaneous ablation, are not feasible (Bruix et al., 2011) . In clinical practice, transarterial chemoembolization (TACE) is considered the standard palliative trefatment for HCC patients at intermediate stage of the disease (Llovet et al., 2002; Llovet and Bruix, 2003) . However, the prognosis for HCC patients treated by TACE varies greatly according to disease status. Up to date, clinical parameters like tumor size, portal invasion, performance status, and ChildPugh score, as well as laboratory parameters including bilirubin and alpha fetoprotein (AFP), have been reported as pretherapeutic prognostic and predictive parameters (Kohles et al., 2012) . However, these parameters are not , Yuan-Yuan Chen 4 , Jin Zhang 3 , Ye-Fa Yang 1 * always accepted in routine clinical practice for estimation of prognosis. Therefore, it is extremely urgent to explore novel biomarkers to discriminate patient groups with different clinical outcomes and direct the treatment for HCC patients. Amino acids are the primary source of cellular nitrogen, used for nucleotide, glutathione, amino sugar, and protein synthesis. Compared to normal cells or tissues, cancer cells display enhanced amino acid intaking and metabolism to support cell proliferation (Mazurek and Eigenbrodt, 2003) . Comparing to other amino acid, cancer cells depend far more on gluatamine. Glutamine metabolism has been proposed to be an important metabolic phenotype of proliferating cancer cells. Previous cell culture studies and tumor implantation studies have shown that glutamine plays an important role in cancer cell growth and survival by contributing to ATP synthesis, as well as by providing intermediates for macromolecular synthesis (Reynolds et al., 2014) . Moreover, reductive carboxylation of glutamine is critical for the metabolic reprogramming that enables cancer cells to survive and proliferate under hypoxia (Mullen et al., 2014) . And Glutamine uptake in many cancer cell lines is mediated primarily through Amino acid transporter-2 (ASCT2).
ASCT2 is a Na+-coupled amino acid transporter that belongs to SLC1 protein family. In spite of its dependence on Na+, ASCT2 functions as an obligatory amino acid exchanger rather than an influx transporter. It accepts only neutral amino acids as substrates for transport in both direction. Glutamine is a preferred substrate of ASCT2. Increased expression of ASCT2 has been documented in several types of primary tumors. And it is essential for tumor cell growth and survival in cancer cell lines. However, to date, the association between ASCT2 and clinical outcome has not been investigated in HCC patients. Single nucleotide polymorphisms (SNPs) represent the most common form of genetic diversity within a species and account for much of the variation in genetic traits between patients (Shastry, 2009) ,including disease susceptibility, prognosis and response to therapy. In addition to amino acid change, SNPs directly affect gene functions through various translational or posttranslational mechanisms, such as altering miRNA binding, protein folding, the spliceosome formation or mRNA stability (Chamary et al., 2006) . Whether genetic variants in ASCT2 gene can predict the prognosis of advanced HCC patients is unknown.
In this study, we assessed the associations of two single nuclear polymorphisms (SNPs) rs3826793 and rs2070246 in ASCT2 gene with clinical parameters and overall survival (OS) in a Chinese cohort of 448 advanced HCC patients treated by TACE. To the best of our knowledge, this is the first study to investigate the predictive role of SNPs in ASCT2 gene on HCC.
Materials and Methods

Study population
A total of 493 Han Chinese patients with unresectable HCC were recruited at the Department of Radioactive Intervention of Eastern Hepatobiliary Surgery Hospital, Second Military Medical University, in Shanghai, China between February 2008 and December 2011. All patients had no previous history of other cancers or cancer-related treatment, and were newly diagnosed as HCC by imaging technologies, laboratory examination and clinical data. There were no age, gender and stage restrictions for patient recruitment. TACE was used as the first-line treatment for all patients. In this study, we excluded 45 patients, including 32 with incomplete clinical data or failed follow up and 13 with poor quality of DNA. Finally, a total of 448 patients were included in the present study and successfully genotyped. This study was approved by the Ethic Committee of the Second Military Medical University, and signed informed consent was obtained from each participant.
Demographic and clinical data
Demographic data were collected through inperson interviews using a standardized epidemiological questionnaire, including age, gender, ethnicity, residential region, smoking status, alcohol use, education status, body mass index, and family history of cancer. Detailed clinical information was collected through medical chart review or consultation with treating physicians, including time of diagnosis, time of first TACE treatment, tumor size, number of lesions, tumor stage, location site, lymph node invasion, HBV-surface antigen (HBsAg) status, portal vein tumor thrombus (PVTT), and level of serum AFP. A standard follow-up was performed by a trained clinical specialist through on-site interview, direct calling, or medical chart review. The latest follow-up data in this analysis were obtained in June 2013. For all enrolled patients, 5 ml of blood sample from each participant was collected and subjected for genomic DNA extraction using the E.Z.N.A. Blood DNA Midi Kit (Omega BioTek, Norcross, GA).
TACE procedure
The chemoembolization procedure consisted of embolization of the tumour-feeding arteries using lipiodol (Lipiodol Ultra-Fluide; Guerbet Laboratories, Aulnay-Sous-Bois, France) and sponge gelatin (Gelfoam; Hangzhou Alc, China; 350-560 μm indiameter), accompanied by chemotherapy with epirubicin (20-40 mg; Pharmorubicin; Pfizer,Wuxi, China). Patients were routinely injected with 2-20 ml of lipiodol (1-2 ml/cm diameter of the tumour). Lipiodol and gelatin sponges were used, alone or in combination, to occlude the tumour-feeding artery, according to individual conditions. Embolization was performed with absorbable gelatin sponge particles to achieve stasis in the tumour-feeding artery.In each case, the decision to repeat TACE was based on computed tomography (CT) or magnetic resonance imaging (MRI) results.
SNP selection and genotyping
Functional SNPs on the ASCT2 gene was selected using a set of Web-based SNP selection tools (freely available at http://snpinfo.niehs.nih.gov/snpinfo/snpfunc. htm), by which one can select SNPs based on linkage disequilibrium and predictfunctional characteristics of both coding and noncoding SNPs. Two functional SNPs on the ASCT2gene, rs3826793 and rs2070246, with >5%minor allele frequency in Chinese population were selected for genotype assay. Among them, SNP rs3826793 is located in the 3'UTR region of ASCT2 gene, which may affect microRNA binding to ASCT2 mRNA. Another SNP rs2070246 located in the intron of ASCT2 gene may affect the splicing of mRNA. Genotyping was carried out using the iPLEX genotyping system (Sequenom, San Diego, CA). Laboratory persons who conduct genotyping assays were blinded to patients' information. The average call rate for the SNP assays was 99.3%. Strict quality controls were implemented during genotyping, with >99.0% concordance.
Statistical analysis
The SPSS Statistics 19.0 software (IBM) was used for all statistical analyses. Overall survival (OS) was defined as the period from the first TACE treatment to the date of death or last follow-up. The three genetic models (additive, dominant and recessive) were applied to assess the association of SNPs with clinical outcome of HCC patients by univariate and multivariate Cox proportional hazard analyses. Kaplan-Meier survival curves and logrank test were used to assess the differences of OS among different subgroups. All P values were two-sided, and P<0.05 was considered statistically significant.
Results
Clinical characteristics and their association with the OS of HCC patients
This study included 448 unresectable HCC patients with first-line TACE treatment and the characteristics of these patients were summarized in 
SNPs in ASCT2 gene showed no association with clinical outcomes of HCC
We assessed the associations between either of the two SNPs and OS of HCC patients suing univariate and multivariate Cox proportional hazard analysis. As showed in Table 2 , in three genetic models, there was no significant association between genetic variants in ASCT2 gene and the clinical outcome of HCC. Similarly, Kaplan-Meier curve analysis also showed no difference between patients with different genoytpes (Figure 1) . We then conducted Table 3 , there was significant association of rs2070246 with the outcome of HCC patients in each stage. Kaplan-Meier curve analysis further demonstrated that patients with early stage HCC carrying T genotype in rs2070246 showed better OS than those carrying C genotype (P=0.023, Figure 2A ). Nevertheless, there was no significant difference in the OS of late-stage HCC patients with different genotypes in rs2070246 (P=0.271, Figure 2B ). Moreover, there was no significance in the OS of either early-stage or late-stage HCC patients with different genotypes in rs3826793 ( Figure 2C and D) .
Discussion
Only about 20% patients with HCC are suitable to surgical resection, which highlights the importance of nonsurgical therapies. The beneficial effects of TACE have been shown by other studies, in particular, unresectable HCC patients are treated mainly with palliative TACE. Considering the fact that the outcome for individual HCC patient greatly varied, biomarkers were urgently needed to found, which can predict the outcome of the HCC patients. We choosed unresectable Chinese HCC patients as study population.
In the present study, we evaluated the effects of 2 functional SNPs in ASCT2 gene on the prognosis of a cohort of 448 HCC patients. We demonstrated that in HCC patients with early stage tumor, the SNP rs2070246 was significantly associated with the OS. To the best of our knowledge, this is the first study to report that genetic variants in ASCT2 gene have a significant effect on the prognosis of patients with early stage HCC.
Glutamine is an abundant and versatile nutrient that participates in energy formation, redox homeostasis, macromolecular synthesis, and signaling in cancer cells (Hensley et al., 2013) . As a major transporter of glutamine, ASCT2 plays an critical role in tumour growth and the proliferation of cancer cells (Fuchs and Colonna, 2006) . It provides cancer cells with essential amino acids for protein synthesis, and it coordinates tumour cell growth through the activation of mammalian target of rapamycin (mTOR) (Fuchs et al., 2007) . Previous studies have demonstrated that ASCT2 is highly expressed in various malignancies, including HCC and colorectal and prostate cancer, and its expression is closely associated with tumour aggressiveness and prognosis in colorectal or prostate cancer (Li et al., 2003; Fuchs et al., 2007; Namikawa et al., 2014) .
Genetic variants such as SNPs play an important role in the regulation of gene expression, mRNA degradation and translation, as well as protein structures which may affect the biological functions of proteins (Shastry, 2009) . Considering the critical role of ASCT2 in the progression of cancer, effects of SNPs in ASCT2 gene on cancer cell proliferation, invasion and drug sensitivity as well as clinicopathologcal characteristics and prognosis of patients should be investigated. However, little is known on the associations between these SNPs and cancer risk as well as patient prognosis. In this study, we found that SNP rs2070246 in ASCT2 was significantly associated with poor prognosis of HCC patients with early stage diseases. Although the molecular and cellular functions of this SNP have not yet been evaluated, silicon analysis found that rs2070246 may affect alternative splicing of mRNA, which may affect the structure and biological activity of ASCT2 protein, and ultimately affect the progression of HCC and survival of patients. However, we did not observe significant association of rs2070246 with the OS of patients with late stage diseases. These findings suggest that rs2070246 might affect the progression of early stage HCC. Once tumors progress into late stage, other oncogenic factors might compensate the effects of rs2070246. On the other hand, we did not observe significant association between SNP rs3826793 and the prognosis of HCC patients. Possible explanation for our results is that rs3826793 may not or just very weakly affect the expression and functions of ASCT2 in HCC. Nevertheless, all these hypotheses need further investigation in future study.
Our study has several strengths and limitations. The patient population is enrolled from Eastern Hepatobiliary Surgery Hospital with the extremely low rate of patient loss during follow-up, which is highly attractive in conducting population-based research. In addition, the homogenous patient characteristics and treatments greatly reduced the confounding effects of heterogeneous therapeutic modalities seen in many cancer clinical outcome studies. However, our sample size may not be large enough, and then a retrospective study is not as effective as perspective study. Therefore, further validation is needed for our results in future study. Furthermore, we did not examined the biological functions of these two SNPs, which need further experimental investigation in future.
In summary, as the first study observing the effect of ASCT2 gene polymorphisms on HCC prognosis, our study strongly suggest that SNP rs2070246 in ASCT2 genes may be an independent prognostic marker for OS in HCC patients with early stage tumor. These findings warrant further studies on the impact of this SNP on the effectiveness of therapeutics against ASCT2 in HCC.
